Objective: To assess the association between early posttraumatic stress disorder (PTSD) and depressive symptoms and functional and quality-of-life outcomes among injured youth.
400 000 to 600 000 adolescents presenting to US emergency departments after physical trauma are so severely injured that they require inpatient hospital admission. 1, 2 Injured trauma survivors who require inpatient hospital admission may be among those with the highest risk for the development of posttraumatic stress disorder (PTSD) and related comorbid conditions. 3 High levels of PTSD symptoms have been documented in 19% to 42% of injured adolescents in the days, weeks, and months following acute care hospitalization. 4, 5 Fewer than 10% of trauma centers in the United States are designated pediatriconly trauma centers. 6 Preliminary study suggests that, at nonpediatric acute care centers, injured teens older than 14 years may be triaged by strict age criteria that reflect an emphasis on body weight and organ system maturation; thus, injured adolescents are routinely hospitalized on adult trauma surgical services after an acute injury. 6, 7 The relevance of adolescent psychological development to recovery from traumatic injury currently may be underappreciated in trauma care systems and could contribute to observed deficits in the quality of mental health service delivery for injured teens. 8 Acute care inpatient settings hold unique promise for the dissemination of evidence-based mental health screening and intervention procedures. 9 Trauma surgery policy makers have demonstrated their willingness to act on clinical trial evidence substantiating the effectiveness of alcohol screening and brief intervention procedures through the implementation of policy mandates for these services. 7 Investigations that elucidate prospective as-sociations between mental health symptoms and functional impairments may hold similar promise for influencing trauma center quality-improvement mandates, particularly if followed by intervention trials that demonstrate significant symptom reductions in concert with functional improvements.
Literature review produced few investigations examining the association between high levels of PTSD and depressive symptoms and functional limitations in injured adolescents after traumatic physical injury. Holbrook et al 5 reported a significant prospective association between elevations in acute stress disorder symptoms and diminished quality of life as assessed with the Quality of Wellbeing Scale at individual time points after injury. This seminal study did not assess a broad spectrum of functional outcomes, including specific outcome domains of key relevance to surgical policy makers, such as physical functioning. Also, the investigation did not consider the impact of comorbid depressive symptoms on functional outcomes. Perhaps most important, no previous injury investigations, to our knowledge, have prospectively examined the associations between adolescent symptomatic distress and functional outcomes using contemporary methods for the analyses of longitudinal data. [10] [11] [12] The present investigation assessed the association between early PTSD and depressive symptoms in injured adolescents and the development of functional impairment longitudinally over the course of the year after injury. The investigation sought to determine whether high levels of PTSD and depressive symptoms were prospectively associated with functional impairment and diminished quality of life during the year after injury. The hypothesis was that high levels of adolescent PTSD and depressive symptoms would be associated with a broad spectrum of functional impairments and diminished well-being even after adjustments for relevant demographic and clinical characteristics. The investigation also sought to understand the extent to which high levels of PTSD and depressive symptoms were independently or jointly associated with specific domains of impairment.
METHODS

SETTING AND SUBJECTS
Patients included in the study were adolescent survivors of intentional (eg, injuries associated with human malice, such as physical assaults) and unintentional (eg, motor vehicle crash and work-related accident) injuries, aged 12 to 18 years, who were admitted to the University of Washington's Harborview Medical Center, a level I trauma center. All informed consent procedures were approved by the University of Washington's institutional review board, and full informed consent was obtained before data collection. For patients younger than 18 years, adolescent assent and parental consent were obtained.
Between July 2002 and August 2003, a research associate downloaded daily a list of all newly admitted injury survivors 12 to 18 years of age from the Harborview Medical Center's automated medical record. Random number assignments for each adolescent inpatient were generated, and each youth/parent dyad was approached in the order dictated by the random number assignments.
On approach, inpatients with severe injuries that prevented participation (eg, head or spinal cord injuries that severely limited verbal interchanges) were excluded from the study. Patients who were determined to have self-inflicted injuries were also excluded from the study. In addition, any patient who was non-English speaking or for whom both parents were nonEnglish speaking was excluded. With regard to cognitive status, patients approached in the ward were evaluated with the Glasgow Coma Scale score and were required to have a score of 15 or higher, indicating a clear sensorium. 13 Adolescent patients were also required to score at least 7 of 10 points on the 2 Mini-Mental State Examination items that assess orientation to location and date. 14 Of 365 adolescent inpatients assigned random numbers for approach, 16 were ineligible because of severe injuries that prevented study participation and 2 were deceased. An additional 159 were discharged before being approached by research assistants. Of the 188 patients approached as inpatients, 34 were ineligible (ie, 15 were non-English speaking, 18 had no parent, and 1 had a self-inflicted injury), leaving 154 available for approach for consent. Forty potential participants refused study participation. Of the 114 adolescent inpatients who consented, 5 were discharged before completion of the surgical ward interview and 1 withdrew from the study, leaving 108 adolescents in the investigation.
INTERVIEWS AND MEASURES
The investigation was part of a larger prospective study that aimed to characterize adolescent posttraumatic symptomatic distress, functional outcomes, and health service utilization during the year after injury. 4, 8 Interviews contained measures that assessed adolescent posttraumatic stress, depressive symptoms, and functional and quality-of-life outcomes. Adolescent self-report was used to assess all adolescent symptoms.
The baseline interview occurred in the days and weeks immediately following the acute injury (mean [ 
PTSD SYMPTOMS
Adolescent PTSD symptoms were assessed with the adolescent version of the University of California, Los Angeles PTSD Reaction Index (PTSD-RI) for the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) (DSM-IV). 15 The PTSD-RI includes 20 items that assess the DSM-IV B (intrusion), C (avoidance), and D (arousal) PTSD symptom clusters. 16 To assess the development of symptoms since the injury, the stem of measure was modified. For example, the PTSD-RI item assessing nightmares read as follows: "How much of the time since your injury did you have dreams about the event in which you were injured or other bad dreams?" These items are rated on a 5-point Likert scale ranging from 0 (none of the time) to 4 (most of the time).
We decided to dichotomize PTSD (and depressive) symptom levels because surgical health services researchers and policy makers have demonstrated receptivity to dichotomized measures (eg, operative mortality [yes/no] and recurrent injury admission [yes/no]). 7, 17, 18 A PTSD-RI cutoff score of 38 or higher has a sensitivity of 0.93 and a specificity of 0.87 when compared with the Child and Adolescent Version of the ClinicianAdministered PTSD Scale. 15 This cutoff was used to demarcate patients with high PTSD (ie, scores Ն38) or low PTSD (ie, scores Ͻ38) symptom levels.
DEPRESSIVE SYMPTOMS
The Center for Epidemiological Studies-Depression Scale (CES-D), 19 a 20-item self-report Likert response instrument, was used to assess adolescent and parent depressive symptoms (scale, 0-3 [0 indicates rarely or none of the time over the past week; 3, most or all of the time over the past week]). The scale has been used extensively to assess depressive symptoms in adolescents 20 and has excellent internal consistency and convergent validity. 19 Previous investigation has suggested a CES-D cutoff score of 27 or higher as a conservative cutoff for high depressive symptom levels. 21 This cutoff has been previously applied to both adult and adolescent acute care inpatients.
4,22
FUNCTIONING AND QUALITY-OF-LIFE OUTCOMES
The 87-item Child Health Questionnaire (CHQ-87) was used to assess adolescent functioning and quality-of-life outcomes. 23 The CHQ-87 has demonstrated excellent test-retest reliability and convergent and discriminant validity. 23, 24 Ten CHQ-87 subscales were included in each interview: Physical Function, Role/Social Emotional, Role/Social Behavioral, Role/Social Physical, Bodily Pain, General Behavior, Mental Health, Self-esteem, General Health Perceptions, and Family Cohesion. The CHQ-87 has been used extensively with injured youth. 25, 26 In the current investigation, preinjury function was assessed by modifying the stem of each item to read, "During the past 4 weeks before the event in which you were injured. . . ." All 2-, 5-, and 12-month follow-up interviews used the standard CHQ-87 stem to assess function during the preceding 4 weeks.
ADOLESCENT PREINJURY ALCOHOL USE
Adolescent alcohol consumption in the year before the index injury was assessed with the Alcohol Use Disorders Identification Test (AUDIT), a 10-item self-report screening measure used for early identification of problem drinking. 27 The measure has established reliability, validity, and responsiveness to change and has been used extensively in acute care medical settings. 4 
INJURY SEVERITY AND TYPE
Injury severity was abstracted from surgical records using a conversion software program 28 that transforms recognized International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes into Injury Severity Scores.
OTHER ADOLESCENT CHARACTERISTICS
Trauma registry data were also used to obtain data on adolescent age, sex, injury type (ie, intentional vs unintentional), and admission insurance status. Traumatic life events that predated the adolescent's index injury admission were assessed using a modified version of the PTSD-RI trauma history screen. 15 We also used self-report to ascertain injury type and admission insurance status. Based on self-reports, we created a variable documenting any history of psychiatric diagnosis, psychotropic medication use, or mental health visits in the year before the injury. Educational attainment was also assessed through self-report.
STATISTICAL ANALYSES
To assess the representativeness of the sample, we compared the demographic and clinical characteristics of adolescent patients included in the investigation with the characteristics of all eligible adolescent patients admitted to Harborview Medical Center's trauma surgery services during the period of the study. Next, we examined the frequency of patients with PTSD-RI scores of 38 or higher and CES-D scores of 27 or higher. We assessed the associations among dichotomized PTSD-RI and CES-D scores, baseline CHQ-87 subscale scores, and demographic and clinical characteristics using 2 statistics and analysis of variance. Descriptive statistics for CHQ-87 subscale scores were computed, and the longitudinal course of the CHQ-87 subscale scores was examined. We then compared adolescent baseline and 12-month CHQ-87 subscale scores to previously published population norms using unpaired, 2-tailed t tests. 23, 24 Mixed-model regression analyses were used to examine the longitudinal association between dichotomized PTSD-RI and CES-D scores and each of the 10 CHQ-87 subscales. We aimed to develop the most conservative models that tested for a significant association between baseline symptoms and functional impairments while adjusting for relevant baseline demographic, injury, and clinical characteristics. We were also interested in identifying any main effect of time and any symptom groupϫtime interaction effects. Repeated measurements of adolescent functional outcomes (2-, 5-, and 12-month CHQ-87 subscale scores) were the dependent variables. Longitudinal data collected prospectively from hospitalized trauma survivors are characterized by correlated intraindividual observations, missing data, and dropout; mixed-model regression was selected because of its superior ability to model longitudinal data with these characteristics. 12 Therefore, our initial models included: (1) baseline PTSD-RI scores (dichotomized as Ն38 or Ͻ38), (2) baseline CES-D scores (dichotomized as Ն27 or Ͻ27), and (3) 2 timeϫsymptom group (PTSD-RI and CES-D) interaction terms. Because none of these initial models contained a significant groupϫtime interaction, we next developed models that included baseline CHQ-87 subscale scores, time, dichotomized baseline PTSD-RI and CES-D scores, and any baseline clinical or demographic covariates that differed significantly (P Ͻ .05) across dichotomized PTSD-RI and CES-D patient groups. All variables were entered simultaneously into each of the 10 models, and the coefficients, standard errors, and significance levels of PTSD-RI and CES-D scores are reported.
RESULTS
Adolescent patients included in the study (N=108) did not differ significantly from all adolescent patients admitted to Harborview Medical Center's surgical services (N=544) with regard to sex, age, injury type, injury severity, alcohol toxicology status, and insurance status. Patients included in the investigation had a significantly increased mean (SD) length of inpatient hospital stay (5.3 [6.2] days) compared with all other adolescent admissions (5.1 [7.4] days; logarithm-transformed t 649 =2.07, P =.04).
The investigation attained 87% (n=94) 2-month, 83% (n=90) 5-month, and 82% (n=89) 12-month follow-up. At baseline, 45 of the adolescents (42%) had PTSD-RI scores of 38 or higher and 20 (19%) had CES-D scores of 27 or higher ( Table 1) . Posttraumatic stress and depressive symptoms were highly comorbid, with 18 patients (17%) reporting high levels of both ( the CHQ-87 Role/Social Emotional, General Behavior, Mental Health, Self-esteem, and General Health Perceptions subscales, patients with PTSD-RI scores of 38 or higher and CES-D scores of 27 or higher demonstrated significantly lower baseline CHQ-87 scales scores when compared with patients with PTSD-RI scores lower than 38 and CES-D scores lower than 27 (Table 1 ). This pattern persisted during the year after injury (see Figure 1 for an example). For the CHQ-87 Physical Function, Role/ Social Physical, and Bodily Pain subscales, no significant baseline differences were observed (Table 1) , and divergence between groups manifested during the year (see Figure 2 for an example).
At baseline, before their injury, adolescents enrolled in the investigation demonstrated significantly higher scores on the CHQ-87 General Health Perceptions, Bodily Pain, Self-esteem, and Role/Social Physical subscales when compared with population norms (Figure 3) . We found no significant differences between baseline scores and population norms on the Role/Social Emotional, Mental Health, and Family Cohesion subscales. Adolescents enrolled in the study demonstrated significantly lower scores on the General Behavior subscale.
Twelve months after the injury, study adolescents had significantly lower scores on the Physical Function, Role/ Social Physical, Bodily Pain, General Health Perceptions, and Family Cohesion subscales. Only scores on the Self-esteem subscale were significantly higher in study patients when compared with population norms.
In regression analyses that modeled the scores for each subject longitudinally and adjusted for baseline CHQ-87 subscale scores, sex, race/ethnicity, preinjury trauma, and preinjury AUDIT scores, baseline PTSD-RI scores of 38 or higher were associated with significantly lower CHQ-87 Role/Social Behavioral, Role/Social Physical, General Behavior, and General Health Perceptions subscale scores longitudinally ( Table 2 ). Scores of 27 or higher on the CES-D were associated with significantly lower CHQ-87 Physical Function, Role/Social Emotional, Self-esteem, and Family Cohesion subscale scores longitudinally. Both PTSD-RI scores of 38 or higher and CES-D scores of 27 or higher were associated with a significantly lower CHQ-87 Bodily Pain and Mental Health subscale scores. Of note, in these adjusted models the significance levels for PTSD-RI scores of 38 or higher and CES-D scores of 27 or higher did not differ substantially for most of the CHQ-87 subscales when compared with the unadjusted models without covariates. Only the Role/Social Emotional (for which a PTSD-RI score of Ն 38 was significant in the unadjusted model), Self-esteem (for which a PTSD-RI score of Ն38 was significant in the unadjusted model), Role/Social Physical (for which a CES-D score of Ն27 was significant in the unadjusted model), and General Health Perceptions (for which a CES-D score of Ն27 was significant in the unadjusted model) CHQ-87 subscales demonstrated differences in statistical significance between adjusted and unadjusted models. 
COMMENT
The investigation documents for the first time, to our knowledge, that high levels of PTSD and depressive symptoms in randomly sampled adolescent injury survivors are prospectively associated with a broad profile of functional impairment during the year after hospitalization. Comparisons of prehospitalization and posthospitalization functional outcomes of the injured adolescent cohort with population norms demonstrated that the traumatic injury demarcated the onset of impairments for most of the CHQ-87 functional outcome domains.
The investigation contributes to a growing body of literature documenting the association between anxiety and depressive spectrum disorders and diminishments in function and well-being among youth and adult patients treated in general medical settings. 29, 31 In the present investigation, early PTSD and depressive symptoms after injury were associated with impairments across all 10 functional outcome domains assessed. Posttraumatic stress and depressive symptoms were associated with different profiles of impairment. High levels of early PTSD symptoms were associated with impairments in 6 of 10 CHQ-87 domains (eg, General Health Perceptions, Bodily Pain, and Role/ Social Physical), whereas high levels of early depressive symptoms were associated with impairments in 6 of 10 domains (eg, Physical Function, Bodily Pain, and Role/ Social Emotional). In adults, a growing body of literature suggests that both anxiety and depressive symptoms negatively affect functioning. 29, 32 The results of this investigation substantiate previous recommendations that both anxiety and depressive symptoms should be examined in studies of functional impairment for youth and adult patients presenting to general medical settings. 29 This investigation in injured adolescents corroborates and extends previous research 30, [33] [34] [35] [36] [37] [38] [39] [40] on the association between PTSD, functional impairment, and diminished quality of life across trauma-exposed populations. To our knowledge, this is the first injury investigation to use a repeatedmeasures longitudinal design to establish a consistent association between early distress and later functional limitation during the year after trauma exposure. Previous investigation has established that acute stress symptoms are prospectively associated with quality-of-life deficits in injured adolescents. 33 Previous studies of adult injury survivors have documented prospective associations between high levels of PTSD symptoms and global functional outcome impairments at individual time points after injury. 30, 34, 35 Other investigations of adult and adolescent injury survivors have demonstrated cross-sec- 19 scores and 87-item Child Health Questionnaire (CHQ-87) 22 Physical Function subscale scores in injured adolescents over time. Time 0 indicates the preinjury CHQ-87 subscale score; baseline, the initial assessment of depressive symptoms in the days and weeks immediately following the injury. Low baseline depressionindicates CES-D scores lower than 27; high baseline depression,CES-D scores of 27 or higher. Scores for 108 patients were included at baseline, for 94 at the 2-month follow-up, for 90 at the 5-month follow-up, and for 89 at the 12-month follow-up. tional associations between PTSD symptoms and functional and quality-of-life impairments. 36, 37 The results of the investigation add to increasing documentation that PTSD is associated with a broad profile of functional impairment across trauma-exposed civilian and veteran populations. [38] [39] [40] This investigation had some limitations. One concern is that, because of overlap between PTSD and depressive symptom reports, the associations that emerged between PTSD and depressive symptoms and specific functional outcome domains may not be reproducible; therefore, the present findings require replication in subsequent investigations. The investigation was conducted at a single US combined adult-pediatric trauma center. The results may not be generalizable to designated pediatric trauma centers, where the quality of mental health care delivery may be improved relative to combined centers. Also, the investigation used a random sampling procedure in an attempt to attain a representative sample of injured adolescents. The clinical and demographic characteristics of patients included in the investigation did not differ significantly from the characteristics of the population of injured adolescents admitted to the trauma center during the period of the investigation, with the exception of inpatient length of stay. In a previous investigation, patients with diagnoses of alcohol abuse or dependence demonstrated a 10% reduction in inpatient length of stay. 41 Thus, adolescent patients with recognized alcohol abuse or dependence may be underrepresented in the present sample. Finally, sample size considerations did not permit the assessment of the influence of preinjury functional impairment on PTSD and depressive symptoms over time. Previous investigations in larger samples have identified a prospective association between mental health symptoms and functional impairment, as well as a longitudinal association between functional impairment and worsening symptoms. 42 Beyond these considerations, the present investigation established a prospective association between high levels of PTSD and depressive symptoms and a broad spectrum of functional impairment longitudinally in conservative models that adjusted for relevant demographic and clinical characteristics. Posttraumatic stress and depressive symptoms are highly prevalent among injured adolescents, and other acute care investigation reports that 7.5% of adolescents presenting to US emergency departments had a mental health diagnosis, were prescribed a psychotropic medication, or had etiologic mental health symptoms. 43 Recent commentary has encouraged the extension of collaborative care approaches to pediatric care settings, 44 and initial investigation in primary care medical settings has demonstrated the effectiveness of collaborative care models for depressed adolescents. 45 Other randomized effectiveness trials in adults suggest that collaborative care interventions delivered soon after injury may help to diminish posttraumatic stress symptoms. 46 Ultimately, future research efforts could be more closely linked to changes in acute care policy surrounding the delivery of high-quality mental health care for injured youth. The American College of Surgeons has mandated that level I trauma centers must have on-site alcohol screening and brief intervention services as a requisite for trauma center accreditation. 7, 18 This policy mandate derives from a series of acute care randomized trials documenting improved outcomes for patients receiving clinical interventions targeting alcohol consumption. Investigations that refine early screening and intervention procedures for adolescent PTSD and depressive symptoms have similar potential to improve the quality of mental health care for injured youth because they may inform future American College of Surgeons mandates for sustainable clinical services in acute care settings. 
